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PREFACE 


The Department of Housing and Urban 
Development (HUD) is conducting the Holular 
Integrated Utility System (MIUS) Program 
devoted to development and demonstration of 
the technical, --'conomic, and institutional 
advantages of integrating the systems for 
providing all or several of the utility serv- 
ices for a community. The utility services 
include electric power, heating and cooling, 
potable water, liquid-waste treatment, and 
solid-waste management. The objective of the 
HIU5 concept is to provide the desired util- 
ity services consistent with reduced use of 
critical ratural resources, protection of the 
environment, and minimized cost. The program 
goal is to fester, by effective development 
and demonstration, early implementation of 
the integrated utility system concept by the 
organization, private or public, selected by 
a given. community to provide its utilities. 

Under HUD direction, several agencies 
are participating in the HUP-HIUS Program, 
including the Atomic Energy Commission, the 
Department of Defense, the Environmental 
Protection Agency, the National Aeronautics 
and Space Administration, and the National 
Bureau of Standards (NBS) . The National 
Academy of Engineering is providing an inde- 
pendent assessment of the Pregram. 

This publication is one of a series 
developed under the HUD-HIUS Program and is 
intended to further a particular aspect of 
the program goals. 
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COORDINATED TECHNICAL FSVIEW 


Drafts of technical documents ar° reviewed by the 
agencies participating in the HUD-fllUS Program. 
Comments ar® assembler by the NBS Team, HUD-HIUS 
Proiect, into a Coordinated Technical Review, The 
draft of this publication received such a review and 
all comments were resolved. 
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The Urban Systems Project Oftice at the NASA Lyndon B. 
Johnson Space Center has conducted a general survey of 
possible systems and hardware required for 
ccntrol/monitorinq in a Modular Integrated Utility system 
(MIUS) . This survey was scheduled for completion early in 
the MIUS Program because its purpose supports early events 
in the program sequence. The purpose of the survey is to 
familiarize aerospace engineers who will undertake the 
design and analysis work specific to MIUS with appropriate 
techniques and hardware for monitoring and control of 
individual processes that are applicable to MIOS; that is, 
power generation, solid-waste treatment, et cetera. 

This report gives a general description of 
control/.monitorinq hardware, including loqic controls, 
central control stations, subsystem hardware, and actuators. 
Several operational control/monitoring systems were visited 
during the survey and are described herein. The 
requirements for a control/monitoring system for the MIUS 
are given. The results of the initial survey show that only 
one major hardware development is required - the automatic 
monitorina of waste and water treatment processes. Computer 
modelinq or MIUS subsystems is a required software 
development. In keeping with the directive for use of 
articles of commerce in the development of the MIUS design, 
the survey has shewn that a wide range of capabilities 
exists that will provide the MIUS a contrcl/mcnitcring 
system for which equipment exists as off-the-shelf hardware. 
Easeline systems have been selected. 

This report shou’d be considered as a first look at the 
control/monitoring system technology. It is net intended to 
be the final assessment nor an economic assessment of this 
technology. It is anticipated that the Department of 
Housing and Urban Development (HUC) MIOS project will 
continue an in-depth study of the control/monitor ing 
subject . 
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The optimization of the overall Modular Integrated 
Utility System (KIUS) operations an C the individual 
subsystem processes is provided by the contcol/monitor ing 
equipment. Techniques for monitoring and control cf 
individual processes that are applicable to the MIUS - that 
is, power generation, waste processing, and air-conditioninq 
- have been demonstrated in various implementations, ■ 

Examples of these techniques are included in this report. 

Many ol these examples are advanced to an operational state 
that requires no technological improvement or further 
research to meet the expected MIUS requirements for these 
types of subsystems. For example, the operational control 
cf pumps, valves, motors, and switches on offshore oil well 
platforms by using remote control and monitorinq devices 
provides techniques that can be used in the MIUS Frogram. 

The requirements to control flow, pressures, temperatures, 
and ixtures of liquids and semiliquids on these platforms 
can be applied directly t.c the MIUS water and liquid-waste 
treatment subsystems. Some developmental efforts funded by 
the Department of Housing and Urban Development (HUD) and 
the Environmental Protection Agency (EPA) should also be 
considered as MIUS candidate subsystems. These efforts 
incorporate ccntrol and monitoring techniques that are 
similarly advanced beyond the conventional approaches. 

Total-energy plants for power generation and heat/coolinq 
functions and for solid-waste pickup and incineration 
techniques are some of the examples that are summarized in 
this report. 

The design definition of the MIUS control system will 
be accomplished through a consideration of the individual 
techniques implemented in applicable areas; however, an 
extensive correlation of these techniques will be required 
so that the integrated systems approach tc the overall 
operations can be achieved. This report identifies the 
available techniques for controlling individual subsystems 
ind points and gives examples of supervisory control 
implementations on related system applications. 

In seme of the cases - for example, power generation 
controls - individual controllers are dedicated to 
particular motor generation units with a master control unit 
supervising the overall operation. This illustrates the 
direction in which the MIUS control system definition is 
proceeding; that is, toward a central control station that 
is cognizant of the several processes. This type of control 
center concept will allow for the optimization of each 
individual subsystem performance, based cn its effect on the 
overall operations. 
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As an aid to th* reader, where necessary the original 
units ot ireasure have been converted to the equivalent value 
in the Systeme International d’Unites (SI). The SI units 
are written first, and the original units are writ* v 
parenthetically thereafter. 
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LOGIC CONTROLS 


The following discussion of control/nion itorinq hardware 
is based on the current state ot the art. 

Logic controls arc remote sensino and actuation devices 
that will provide th° "IDS control/mcnitoring system with 
the input and output signals from the subsystems. A general 
description, the interface range, the relative cost, and the 
advantages am. limitations of each type ot controller are 
presented. 


Electromechanical Relays 

Relays are the first generation of logic controls. 

They are available with normally open and/or normally closed 
contacts, cn-off cr off-delay timers (using motor, thermal, 
radio-ccntrolled circuit, and dashpot techniques), and 
magnetic latching. Relays tango from general-purpose 
commercial to high-performance industrial relays to military 
and special-purpose types. They are available in si2es from 
miniature to large and can be mounted on panels or used in 
plug-in sockets. The enclosures fer the relays are both 
standard (dustproof and hermetically sealed) and open types. 
A wide rang 1 * ot current and voltage levels is available in 
direct current and alternating current. Generally, the 
relays are 2 tc 10 amperes with voltages as large as 6CG 
volts. 


Relays provide controls at a very low relative cost. A 
small ccntiol system can be only a fraction of the cost cf 
other systems if the logic is simple and can be done with 
relatively few relays. 

• “ Electromechanical relays are a good choice 
for slmnler^systems with a moderate number cf inputs and 
outputs and a moderate number of logic decisions. They 
provide good reliability at lower cyclic operating rates. 
Maintenance personnel are most familiar with this type of 
control, and electromechanical relays are relatively easy to 
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maintain. Wide flexibility in selection of contact 
arrangements and ratings is possible. Low contact 
resistance, generally a few railliohms, is typical. Relays 
are least sensitive to underrating. The breakdown voltage 
is generally many times the operating voltage because of the 
rugqed construction of the relays. Fairly standardized 
configurations are available. Wiring to pilot, and output 
devices is easily facilitated because inherent voltage and 
power levels are sufficient. Relays generally can be used 
in ambient temperatures as high as 343 K (71° C) . Other 
types ar- 3 available for higner temperatures. Relays do not 
generate a large amount of heat, and they provide high noise 
immunity. The inputs and outputs are completely isolated. 
There is rarely a requirement for auxiliary power supplies 
or for input/output voltage converters. Because input logic 
and output, voltages are usually the same, cost advantages 
can result. F»lays can have low thermal electrcmcti ve fcrce 
(emf) characteristics. The relay control system is custom 
designed and wired uniquely to fit the specific design. Tts 
operation can be det^ct^d audibly and visually. 

Limitations. - Electromechanical relays have limited 
life if the operating rate is high. The variability cf 
eperatina time on al ter na tinq-current wave shape complicates 
control for radiotreguency interference (FFI) suppression. 
These relays ate slow in switching ti^e (generally 15 to 20 
milliseconds) and comparatively large n size. Relays 
consume mere power than equivalent electronic systems and 
can be adversely affected by vitration, heat, or caustic 
atmosphere. External suppression of the coils may be 
required to avcid inadvertent solid-state triggering if the 
relays are used in proximity tc sclid-state devices. The 
response time in cascaded circuits may place inherent 
limitations on production cycle times. Response times for 
similar devices within a given system can vary. 


Solid-State Relays 

Solid-state relays are made from thyristors, sxliccne- 
controlled rectifiers, Triac switches, or power transistors 
and are used fer power switching. They are available with 
normally open and normally closed contacts. Cn-off delay 
timers generally use remote-control circuits and are also 
available. It is technically possible to match voltage and 
current capabilities of electromechanical relays; however, 
the availability of off-the-shelf solid-state relays that do 
tnis is limited. 

Solid-state relays are more expensive than 3lectrc- 
mechanical cr hybrid relays. List prices for solid-state 
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relays e. •> * u.i about tovr times more than those tor electro- 
mechanical relays. 

Adifa nta g gs . - The power needed to drive sclid-state 
relays is compatible with low-driving capabrliti°s of sclid- 
state 1 eg ic elements. The low-level input requirements ease 
interface problems with complex solid-state control systems. 
Solid-state relays are useful for hiqh-cycle-rate controls 
and can accept a wide range of alternating- and direct- 
current input voltages. Units are available that are 
interchangeable with lectromechanical relays, relative tc 
application, wirinq, and maintenance. Solid-state circuitry 
can eliminate SFI on opening; zero-crossi ng circuitry can 
eliminate FFI cn clcsinq. These relays can operate at high 
speeds (m icrcs e conds) . The lifetime of solid-state relavs 
is generally considerably longer than that of electro- 
mechanical relays. Transformer cr optical coupling provides 
complete isolation between input and output, as well as 
between poles, poles can be made convertible by inverting 
plug-in units. Solid-state relays can be used in 
temperatures as high as 343 K (70° C) . Excellent shock and 
vibration resistance is provided. They are easy to maintain 
if not potted. Phas^ control of sil icone-controlleu- 
rectifier (SCF) or Triac firing can minimize surge currents 
caused by inductive or other loads. This type of relay 
generally has good surge current handling capability, 
typically 10 times th* 3 rated current for one alternating- 
current cycle. 

limitations. - Solid-state relays have a junction 
voltage drop of approximately 0.7 tc 1.5 vclts. They 
require built-in or external heat sinking to curb heat 
dissipation caused bv junction voltage. They alsc require 
built-in or external suppression circuits on input ana 
output sections tc counteract electrical ncise that could 
cause inadvertent triggering. For smaller ratings, their 
size is comparable tc that of other types; but as ratings 
increase, their overall size (size of unit dIus size of 
heat-sinking accommodation) comparatively increases. There 
is limited availability of standard characteristics. 

Whereas functions from a given manufacturer generally are 
compatible, logic from two different venders usually is no* 
compatible. The design procedure is similar for all 
vendors, but th^ symbols, voltage levels, and functions 
available differ amonq manufacturers. The breakdown voltage 
is fairly close to operating voltage (operating voltaqe plus 
approximately 170 volts). Surge voltages can cause 
conduction for one-half of an altern •'■ing cycle. When 
driving an inductive load, solid-state relays are subject to 
a secondary hr c akdcwn of the power semiconductor unless 
there is diede suppression. These relays require a 
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precisely designed system because underrating can cause 
failure. 


Dry-Peed Relays 

Dry-reed relays can perform all relay functions but are 
generally used at lower power levels. They are available 
packaged as shift registers, or flip-flops, that use 
magnetic latch relay and thus hav® retentive memory. 

Special logic units are also available. many as six 

poles are readily available; the number depends on the form 
(A, P, or C) selected. Special combinations can exceed the 
number of generally available poles - those available with 
normally open contacts, normally clcsed contact?, magnetic 
latching, and time ielay (using solid-state driver and reed 
relay output) . Dry-reed relays are used for electronic 
process ccntrcl equipment in low-level switching 
applications, including instrumentation, lcqic switching 
arrays, high-frequency switching, control of other relays 
and solenoids, high-voltage switching, and current and 
voltage sensing. Applications include electrostatic copiers 
and computers, transfer machines, and conveyors. 

Dry-reed relays are available in typical levels tc 25C 
volts; the upper limit is generally 10GC volts. The maximum 
current is 3 amperes for all types. High-voltage dry-reed 
relays are also available to 20 kilovolts and 1 milliampere 
of current for direct-current resistive loads. 

The component cost can be equivalent, tut it is 
generally mere expensive to implement dry-reed relays in 
special logic, units rather than standard electromechanical 
relay systems because direct-current pewer is required, in 
single-throw applications, dry-reed relays can be 
competitive with the electromechanical relays. They arc 
less expensive than mercury- wetted , hybrid, or solid-state 
relays. 

Advantages. - Contacts in dry-reed relays are sealed in 
glass to provide increased environmental reliability. 

Routing of wirinq to pilot and output devices is 
facilitated. Compared with solid-state relays, dry-retd 
relays ate less susceptible to overload. They can operate 
mounted in any position. They are approximately 3 times as 
fast and have 20 times the life of standard electro- 
mechanical relays. Operating speeds ranqe frem 1 to 6 
milliseconds, depending on contact configuration and coil 
driving power. Operating temperature ranges to 358 K 
(85° C) . Maintenance personnel can be trained in a short 
period of time because the basic theory, symbols, and test 
techniques cf electromechanical relays apply. Inputs and 
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outputs can be made to the reel system without a need for 
signal converters or siaplifiers. Reed relays have very low 
contact noise and can exhibit very low theraal eat 
characteristics. Ihey are generally rated for 100 tillion 
operations at signal level loads and 5 to 10 Billion 
operations at rated loads. Coaplete input/cutput isolation 
is provided. Coaplex interface probleas involving a wide 
range of signal and power levels can be solved through the 
use or dry-reed relays. They operate with very lew coil 
power requirements (generally in the ailliwatt region). 
Breakdown voltage, when coapared with operating voltage, can 
be very much higher. These relays are available with 
integrated circuit-compa tible (standard 5-volt diode 
transistor loqic/transistor transistor lcgic (DTL/TTL) 
drives) low-profile packages designed fer printed circuit 
board mounting. Dry-reed relays are generally iaaune tc 
false triggering by overload transients and have less 
contact bounce and greater resistance to shock and vibration 
than electromechanical relays. 

Limitations. - Dry-reed relays are aore susceptible tc 
an overload than are electromechanical relays. They are 
si ewer than sc^ id-state switches bu* are as fast as the 
fastest of the electromechanical switches. The dry-reed 
relays are relatively larger than switching transistors, md 
their open ccnstructicn is aore fragile than that of 
transistors. Contact protection is required fer test 
reactive (capacitive or inductive) loads and for tungsten 
lamp loads. These relays ate susceptible to stray aagnetic 
fields and therefore need shielding. They are usually built 
for direct-current operation but can be used on alternating- 
current circuits with proper filtering. 


Hercur y-Ketted Contact Relays 

The mercury-wetted contact relays switch on a fila of 
mercury. The contacts are glass-encapsulated fixed urdet 
gas pressure with a movable reed armature. The fixed 
contacts are ccntinuously nercury wetted through capillary 
action. The switch action is produced by an electroaagnetic 
field that moves the araature from the noraally closed 
contact to the normally epen contact. These relays can 
operate in 1 millisecond in single-pole forms. The lifetime 
of these relays is approximately 100 million to 10 billion 
operations, depending cn the lead. Contact relays are 
available as plug-in units for printed circuit board 
enclosures. They car easily switch lew-level or logic loads 
and system power load levels. There is a very wide ranee of 
permissible operating voltage in addition to nominal 
voltaqe. The high repeatability afforded by mercury-wetted 
relays makes them useful in data transmission, telephone. 
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and telegraph applications. Two-pcle relays are aost common 
for printed circuit mountings; four poles are most common 
foe plug-in types. 

Operating-condition maximuas fer mercury relays are SCO 
vclts direct current cr peak alternating current and 5 
amperes direct current or peak alternating current; the 
temperature range is 235 to 378 K (-38° to 1C5° C) . 
Mercury-wetted relays are generally more expensive than 
electromechanical and dry-reed relays. They are comparable 
in rrice to hybrids and less expensive than solid-state 
relays. 

Ag v an tages . - Mercury-vetted relays effer lev and stable 
contact resistance. The speed ranges fre* 1 to 6 milli- 
seconds, vith high repeatability. They are gcod switches 
tor level signals and require less power to operate than 
other electromechanical devices. Mercury-wetted relays can 
De driven by sclid-state circuitry because of low power 
input requirements. They have lew contact noise and hiqh 
input/output isolation. The constant contact resistance 
variation is typically ±2 milliohns. They can withstand 
transients better than solid-state relays can. These relays 
provide positive on-off switching with relatively no bounce 
of contacts because of the cushioning effect cf the mercury 
film. This capability makes possible a very wide drive- 
power range. The film and pressurized hydrogen atmosphere 
aisc dissipate heat and minimize contact erosion. 

♦ 

L im it ations .- Mercury-wetted relays are position 
sensitive. The pool of mercury must be at the bottom of the 
capsule for capillary action. They are not as resistant to 
overloads as electromechanical relays are but are more 
resistant than reed relays. Contact protection is required 
fer mest reactive (capacitive or inductive) loads. 


Hybrid Belays 

The hybrid generally consists of reed relay input and 
semiconductor output but can be the opposite. It is 
available with built-in amplifiers to directly interface 
low-level signals (DTL/TTL) and output power control 
requirements. A lifetime of approximately 10 million 
operations (the same as for the reed device) is normal. 
Voltage and current capabilities depend on the solid-state 
device used and on the mounting and enclosure methods. 

The input to the hybrid relays ranqes from 6 to 48 V dc 
or 24 to 115 V ac. Current ratings range from approximately 
3.5 to 7 amperes rms at 6C hertz and 298 K (25° C) . Higher 
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r current ratings can be achieved with additional heat 

sinking. 

Hybrids are three times as expensive as electro- 
mechanical relays, but their lifetime is considerably 
greater . 

• - Hyorids combine the lcuq life of solid- 
state relays with the input/output isolation cf reel relays. 
They can interface semiconductor logic circuits with 
inductive loads (motors, solenoids, tungsten lamp loads, and 
tronstormer. , . They can accept a wide ranqe of input 
voltaqes. Interference is inherently eliminated on opening 
and closing by use of a z»ro-crossing circuit. With load 
■Jetatinq and/cr improved heat sinking, tney can be used in 
temperatures above 298 K (25° C) . Because of reed relays or 
inputs, hybrids are generally more immune than all solid- 
state devices tc inadvertent triggering by input transients. 

Limitations . - There is little standardization of hybrid 
relays. Built-in or external beat sinking is required to 
dissipate heat frcx junction voltages. Maintenance 
personnel must be highly trained. Auxiliary power supplies 
are needed if precise regulation is required on amplifier- 
driven units. 


Functional Systems (Special Electronic loqic packages) 

Special electronic packages find application where 
system complexity is moderate - between that cf 
electromechanical control systems and that of wired logic, 
printed circuit card systems. They generally consist of 1 
to 1C self-ccntained modules. Each module consists of input 
sensors and sensor interface, decision loqic and time 
delays, an output section, and a power supply operating from 
standard 117 V ac. basically, each module is equivalent to 
cne or two lines of a relay ladder diagram. The modules are 
coupled to proximity and photoelectric sensors to provide a 
complete electronic system to meet special needs for 
reliability, high-sp^ed response, and noncontact sensinq. 
Inspection, satrplinq, counting, synchronization, 
confirmation, protection, flow control, and operation 
validation are available in standard functional systems. 
Functional systems use a maximum voltaqe of 115 volts for 
inputs and outputs. Low-level direct-current voltage cf a 
tew millivolts tc 24 V dc is used for the logic. 

A scl id-state-t ype control system can be configured in 
this manrer at relatively low cost. The overall cost falls 
between that ct a relay system and that of a more complex 
hardwired solid-state system. 


9 

% 

- ■ \ 


J 



1 


Advanta ges .- Each module is fully independent with its 
own power supply, and modules ace easily tied together for 
mete complex requirements. They usually find application in 
fairly simple systems in which limit switches and 
electromechanical relays suffer from comparatively short 
lifetimes because of high operational rates and in which 
complex timing, time delay, and lcqic processing are not 
| economical with the use of relays. They can he used in 

combination with relays and limit switches in specific areas 
where special requirements indicate the use of a functional 
solid-state "package." These packages are vitration 
resistant. 

v 

limitations.- Functional systems are not flexible in 
.. that they must be specifically tailored tc the application. 

Plant personnel are not experienced in the maintenance and 
^ use of these systems. The costs increase rapidly for 

,f systems larger than the equivalent of 10 to 20 relays. 


Hardwired Solid-State Controllers 

Hardwired solid-state controllers are the second 
generation cf loqic controls. They are used for controlling 
a large number of functions in such applications as 
automotive, packaging, foed processing, multistation 
transfer lines, injection molding machines, metal casting, 
and materials handling equipment. They use integrated 
circuits and discrete components (diodes and transistors) 
for logic circuitry. The controllers include functional 
< rds rcr basic lcqic qites, up and down counters, shift 
registers, range timers, flip-flops, retentive memories, and 
assorted inputs and outputs. Generally, card-mounted lcqic 
functions are plugged into rack-mounted connectors or panel- 
mounted receptacles. The cards are classified as input 
interface, logic, anl output interface; their inter- 
connections are wired according to a logic diagram or a 
systems logic equation. 

5. 

Th' solid-state controllers operate cn 115 vclts, input 
r output, whereas logic circuits make use of low-level 
signals (5 to ?4 V dc) . Solid-state controllers comprise 
fewer components (only needed functions are purchased) and 
are less expensive than the more universal programmable 
units. Although engineering, assembling, and documenting 
costs must be considered for tailor-made systems, they can 
after ne spread over multiple applications to produce a 
'■i latqe system for a reasonable overall cost. 

Advantages.- Solid-state controllers are custom 
designed, have long lifetimes, and have nc moving parts. 

They operate at high speeds, are compact in size, and ar a 
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very reliable. Their control actions are highly repeatable, 
They can be easily protected against adverse environments. 
Cards from which a solid-state controller is built generally 
contain wore function types than ate available free relays, 
and they are easily removed for use in a new system. 
Functionally, solid-state controllers are the most direct 
equivalent tc relay systems. The modularity of the cards 
reduces inventory, Repair or maintenance often involves 
only replacement of olug-in logic cards. The loqic voltaqes 
ate compatible with computers, but actual interfacing 
requires custcm design. 

Limitat i ons.- There are no standard configurations for 
solid-state controllers. Functions from different venders 
are compatible but their logic usually is net. These 
controllers operate at lower voltage and power levels than 
electromechanical relays; effects cf electrical ncise on the 
system thus must be considered. Electrical ncise can be 
ninimired by grounding of the chassis, by use of 
electromechanical shielding, and by physical separation of 
solid-state ccntrols from electromechanical devices such as 
starters and solenoids, ether methods include using high- 
noise-immunity logic elements; these have inc eased ncise 
immunity by a ratio of more thar 10 tc 1 over commonly used 
computer-type logic elements. Maintenance personnel are 
less familiar with this type of system, but assistance from 
manufacturers is available. Solid-state logic symbols are 
not as familiar as ate relay circuit ladder diagrams. 


Solid-State Programmable Controllers 

Solid-state programmable controllers are the third 
generation of loqic ccntrols. They perform ccntrcl 
functions like relays or hardwired solid-state controllers. 
They provide basic loqic functions, timing, and counting and 
readily accommodate different types of inputs and outputs. 
These controllers can incorporate hardwired solid-state 
logic for specific inputs and outputs for auxiliary 
functions. They can contain memory and computet monitoring 
capabilities. These controllers are in packaged systems 
(such ds in National Electrical Manufacturers Association 
(NFMA) 12 enclosures) and accept inputs from limit, 
pushbutton, pressure, or proximity switches. Operations of 
output devices in machines or systems are controlled 
accordina to a predetermined ccntrcl sequence, as 
I established by a program. This programing, and a specified 

i number of inputs and outputs, tailors the control to a 

specific application. Programmable controllers are 
available with read-write (alterable, generally magnetic 
core) and read-only (PCM, hardwired or programmable diode 
matrix) memories. Machine operating logic is softwired 
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(proqraraed) to control machine sequence. This avoids the 
necessity fci custom design and unique hardware 
configuration for each control application; instead, 
different control applicatxons can be performed from 
standard hardware configurations. These controllers use 
sequential (serial) scanning. The memory unit scans inputs 
in a cyclic fashion and determines whether outputs should he 
turned on or off. These controllers are used in industrial 
applications, including severe environment. They replace 
magnetic relays or conventional solid-state controls for 
machine tools, conveyors, and parts handling. Thev are 
useful tot controlling large, complex systems or several 
related systems. 

The input and output voltages for these controllers are 
the sam- as for hardwired solid-state controllers: 115 

volts input/output logic level, 5 to 24 V dc. 

The initial cost of these units is generally higher. 

The. wiring for external interfaces such as computers is 
integral to the packaqe; it is this flexibility that makes 
programmable controllers the most expensive type cf control 
for most applications initially. They become practical with 
increasinq numbers of circuits. The crossover po.nt is 
approximately 30 to 50 circuits; they then begin t •) provide 
space-saving flexibility and maintenance advantages. 

^vintages.- Solid-state programmable controllers 
provide flexibility for increased automation and control 
system complexity. Control can be expressed in 3oolean 
statements for machine flexibility. Changing systems is 
less expensive and faster than changing hardwired solid- 
state controllers or relays. These controllers have long 
lifetimes and qreater reliability. Most programmable 
controllers have computer interface options for supplying 
status information to a monitoring computer. All basic 
control elements in a factory can be optimized through the 
software and then implemented with similar hardware. A 
basic hardware complement meets all control requirements. 
Programmable controllers provide fast control response in 
moderate-sized systems; however, because cf the sequential 
nature of control in moderate-sized systems, the control 
response decreases as the system gets larger. Programmable 
controllers are ccmpict. They replace relay logic and 
permit the design of a control system using relay circuit 
techniques, including conventional ladder diagrams. 
Programing generally is done with a tape reader or a 
programing keyboard, using conventional ccntrcl rather than 
computer language. The use of programmable controllers 
facilitates future addition of a computer monitoring system 
(because cf the ease of interfacing) . Debugging and 
maintenance are simplified because of indication lamps cn 
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all input and output functions. Scve system s have debugging 
programs and maintenance aids. 


reproducibility 

original PAGE is 


* The logic design must be translated into 
a form acceptable to the memory of the controller. Some 
restrictions are imposed on a ladder diaqram format as 
applied to the controller. The possibility of electrical 
noise pulses causing erroneous chanqes in the read-write 
memory may require protection in these units. A sequential 
scanning requirement can be a time response limitation in 
certain high-speed applications. An auxiliary unit (such as 
a programing panel or minicomputer) is required for 
programing. 


Fluid Controllers 

Fnvircnmenta 1 conditions and machine, material, and 
manual motions, as well as measurable process parameters, 
are converted to fluidic input siqnals through sensors and 
transducers by control of airflow (cr fluid flew) into or 
out of fluii circuits, fleving-parts sensors and 
transducers, as well as nonmeving-parts and noncontactinq 
fluidic sensors and transducers, accomplish these 
conversions. Circuit logic components use low-power 
pneumatic (fluid) siqnals to redirect fluid streams to 
selected output siqnal ports within such elements. Logic 
elements (CF/NCK, ANH/NANC, FIIE-FLCPS, etc.) are 
interconnected with tubing formed in the basic structural 
material at the time of fatti cation. Logic elements are 
available in plastic, ceramic, and metal. For higher 
speeds, output devices can also be fluidic devices at a 
higher power level. For low speeds, output, is usually 
through a moving-part interface valve. The format includes 
plug-in elements, bolt-on elements, integrated circuits, and 
stacked laminations to form a circuit block. Systems can be 
quoted according to the logic diagram of the user. The 
usual packaging, in conventional heavy electrical boxes, is 
standard. Fluidic controllers are used in liquid- 1 eve 1 
control, sequencing, safety and interlock control, selected 
qaqing, flew monitoring, air-conditioning , leak detecting, 
and liquid-waste management, applications. Advanced systems 
have the capability for digital multiplexing and two-way 
signal transmission over a single pneumatic line. In 
addition to digital controls, fluidic analog systems are 
available for conventional process control applications. 


Fluidic controllers operate with a supply pressure that 
ranges from 1.4 X 1C 3 to 3.1 X 10 s pascals (0.2 to 45 psig) . 
A typical range is 6.9 X 10 3 to 21 X 10 3 pascals (1 to 3 
csig) . The ait (or fluid) consumption depends on the size 
of the pewet nczzle (ranges from 0.1 by 0.2 millimeter 
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(0.004 by C.0C8 inch) to C.5 by 1.C millimeter (0.02 by 0.04 
inch) for lcgic elements) and on the supply pressure levels. 

The cost of fluid controllers is generally lower than 
that of other types of pneumatic control systems. These 
controllers are mere competitive for simple systems, 
especially where hazardous environments, pneumatic sensing, 
ct high-output power levels are involved. They are not 
presently competitive in very large, extremely complex 
systems. 

* Fluidic controllers are easy to maintain; 
reliability and electronic skills are net needed for 
servicing. They are very suitable for hazardous or extreme 
environmental conditions because they are exp lcsicnprccf . 
Fluidic controllers offer new or improved sensing 
capabilities in the areas of airspeed at lew velocity, 
flowmeters, ncncontacting sensors for gaging, location, and 
presence or absence of the element being monitored. They 
withstand a reasonable amount of abuse, operate at low 
pressures, use no electricity, and are not damaged by 
accidentally incorrect input/output connections. They react 
at higher speeds than movinq-part pneumatic devic e s. Also, 
they interface easily with high-force-level pneumatic and 
hydraulic actuators. 

lifliiitifiilS • * Fluidic controllers work at much lower 
speed than electronic types. Clean air is required 
(filtration from !>.5 to 5 micrometers, depending on element 
nozzle size). Moving-part interlace devices are needed for 
Icw-duty-cycle, high-power-lsvel outputs. There is a lack 
of persornel acquainted with fluidic capabilities. Ihe 
loqic ccmpcnents from available manufacturing sources are 
not interchangeable; hence, cne must return tc the original 
source of lcgic components for replacement parts. 


Pneumatic Moving-Part loqic 

Pneumatic moving- part logic (HPL) controllers use pilot 
actuators to operate one or more control valves from a 
compressed-air power source. Pilct ccntrcl provides such 
eptiens as remote or multiple control; interlocking control; 
power-level changes; isolation (separation cf inputs and 
outputs) ; simplified piping and component placement; and 
interfacing to pneumatic, hydraulic, or electronic systems. 
They can function in control enclosures or in the open cn 
many machines. All *ypes of directional control valves, 
flew control valves, and special-purpose valves are 
available in plug-in nodular systems and manifold varieties. 
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The f»ri- ccntrcllers typically require 2C? X 1C 3 tc 1034 
X 10 3 pascals (3C to 150 psi) for the pilot control valves. 
System power levels ranqe in pressure from 0 to 2C68 X 1C 3 
pascals (0 to 30C psi) . Power levels Bust be high encuqh to 
operate sizable cylinders, yet low enough to be easily 
handled in control circuits. 

These ccntrcllers are generally available at low 
initial cost and are qenerally comparable in cost tc 
electromechanical relays. Miniaturization reduces cost. 
Pneumatic controls can be lower in cost than other 
electromechanical and solid-state relays. 

Adva ntage s.- A wide range of compatible pneumatic 
control components is available for control circuit desiqns. 
The components can b? miniaturized to save space. Pneumatic 
controls seldom fail unexpectedly; there generally is an 
advance indication of a potential malfunction. In 
industries with high downtime costs, this is important. 

Basic functions, despite variance in size and speed of units 
frcm different manufacturers, can be interchanged. The MFL 
controllers are explosionproof and sparkproof and present no 
shock hazards. They are suitable fcr severe industrial 
environments. Being sealed from within, pneumatic 
ccntrcllers resist dirt, dust, and moisture and will 
tolerate much of the usual contamination found in air lines. 
They can also operate underwater. Pneumatic controllers 
operate directly from the readily available plant air 
supply. They are dependable and compact and require minimum 
maintenance skills. They do not require flow to maintain 
position and memory. Pneumatic devices of the "bufcblet ight M 
variety can remain activated indefinitely, with no interim 
less ct poweL. Hardware, fittings, and accessories are 
available fcr installation and maintenance. Pneumatic 
control valve shifting (response) times are in the low 
milliseconds (50 tc 500) range. Pneumatic ccntrcllers 
typically have very long lifetimes (5 to 100 million 
operations) . 

lifiilaiifilS • " Compressed air is required. Althouqh 
generally not a”*problem in industrial applications, this 
could be a problem in ether areas. Air power consumption 
can be high, but miniaturized systems can alleviate this. 

The operating temperature is limited to approximately 383 K 
(23C° F) because of temperature limits of seals and standard 
lubricants. It pressures in the ccmpressed-air pewer source 
vary, the response time and time delays can be affected. 
Moisture contamination in the air supply can deteriorate 
lubrication. 
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CEN1BAL CCNTFOL STATIONS 


The following discussion of ccntrcl/mcnitcring hardware 
is based on a review of current operational ccntrcl carters. 
The technology level that has been implemented in the 
central ccntrcl stations is sufficient to provide 
optimization ot integrated Mills systems with respect tc 
manpower, hardware, and overall performance. Available 
ccntrcl centers ate based on two primary concepts - the 
analog control center and the digital control center. The 
following general discussion describes each. 


Analog Contccl Centers 

Central ccntrcl provides observation of operations from 
a vantage point that allows maximum ccmmunica ticn with all 
subsystems. Information is provided through individual 
wires from the sensors and actuators to panel-mounted 
meters, gages, controllers, and switches in the central 
control station. The status lights, meters, and switches 
can be arranged on the viewing panel in a schematic format 
of the operational system that will shew flews, valve 
fositiens, enqine status, and pressures in relation to the 
overall system. Banks ot gages, meters, and switches 
supplement the schematic display. A panel of this sort is 
commonly called a mimic display, and the name is indicative 
of the functional use. These ccntrcl centers serve well tc 
bridge the gap between manual control and automation. Not 
all analoq control c-nters include mimic displays because, 
in many situations, the operator’s familiarity with the 
overall operation preceded the trend toward automated 
control. 

Th*» techniques of operating the system are the same as 
if it were under manual control. The equipment incorporated 
in the subsystem is generally capable of being automatically 
controlled without modification. An excefticr is the sole 
use of pneumatic controls in a subsystem; these must te 
replaced with electrcmechanical devices. 

The cost cf central control stations is higher than 
that ot individually controlled subsystems. Furthermore, it 
is an expensive endeavor to innovate a central station in 
such a manner, because the same ameunt cf electronics is 
necessary for ♦'he basic operation of the equipment in 
addition to the hardware required tc relate the performance 
of each component to the operators. The ccst advantage is 
in reduced manpower. This is not evident at first glance 
and does not usually get much publicity; however, the number 
of operators required at a central analog control station in 
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d locdl refinery was reduced *rom 36 men working in 3 shifts 
(average of 8+ men/shift) 7 t. jys a week tc cnly 8 men 
t working 1 shift/day for 5 days a week. This amounts tc a 

| 4.5:1 reduction in manpower that occurred as experience was 

f qained in the use of the control station over a 2-year 

| period. 

" The obvious advantaqe of an analog control 
: center is the overview of the operations that is provided. 

The inherent savings in personnel costs become very 
i significant as the use of the system matures. Typically, 

the added ccsts of the central control station are returned 
in manpower savings in 2 to 3 years. 

Another advantaqe of the analoq control center over the 
digital system is the acceptability ct the techniques cf 
* control. Essentially, the same enuipment that was locally 

used at the subsystem for monitoring and control is used in 
the central control station; only the location has been 
changed. Hence, the experienced operators car easily make 
the transition to automation and operation from the central 
control system. This is not true with more advanced digital 
control techniques in which pushbuttons and cathode-ray-tube 
displays are used and computers make most cf the decisions. 

tiliiJii&DJ* ** The size of the panels that display the 
sensor information can become very larqe. Refineries hav«* 
parels that are 200 feet long. Obviously, there is a point 
of diminishing return in centralization of this sort merely 
from the standpoint of unwieldiness because ct size. A 
further limitation is the maintenance of such a control 
center. Failures caused by wiring problems must be traced 
through complex arrays of cables, trays, junction boxes, and 
harnesses. 

This technique of control is also limited in the degree 
of automation that can be achieved. Interrelationships 
between the subsystems are controlled by the operators, and 
recognition ct impending problems and expeditious corrective 
„ action are strictly their responsibility. 


Digital Control Center 

Ihe desire for centralized control with an absolute 
minimum of operator decisionmaking and with improved 
communication within operations has established a field for 
computerization of the contr^l/monitoring effort. Tata are 
taken from sensors and transmitted to the computer througn 
communica ticns channels (such as standard telephone lines). 
The computer compares sensor lata with prestored limits; if 
tolerances are exceeded, they are displayed on a 
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televisionlike tube called a cathcde ray tube (CRT) . Colors 
are frequently used to depict alarm levels. The computer 
Drovides visual and auditory alarms; with prestored 
proqrams, it can initiate corrective acticn tc normalize the 
operation. This is accomplished in the same manner as if 
the operator initiates the change through a pushbutton or 
switch after readinq the alarm. The ccmputer determines the 
actuator that is tc be stimulated and transmits updated 
control siqnals tc the unit over the same tyce cf 
communication channels. A check cf the status is then made 
tc verify that proper operation has been achieved. These 
s/stems are typically implemented in addition to the 
conventional subsystem analog controllers. In the event of 
a railure of the central station equipment, t ;ubsystem 
analoq controls allow operations t 0 continue fail-safe 

mode. 


The range of input/output parameters that are 
acceptable by the remote units is usually limited to the 
logic levels of the units. Standard logic levels cf i tc S 
V dc and 1' tc 5^ milliam peres are commonly used. These 
ranges are compatible with most of th j sensors and actuators 
that are implemented in the subsystem hardware. In those 
cases where further signal conditioning is required to match 
the input/out put characteristics, it is a simple matter to 
include this capability as required. Developmental precrams 
fet space-flight units have centered around programmable 
siqnal conditioning that allows multiple us*rs tc share the 
same unit, with switching and ccntrcl by the computer. This 
is not acne tc any degree in industrial or commercial 
applications because ot the lewer cost cf individual units. 

The cost cf digital control centers is distributed over 
four major areas: displays, computer system, remote units, 

and software fer the overall system. These cost areas are 
directly related to analog systems only with respect to the 
displays, which are the operator interface and, like the 
control panels, serve to convey the performance of the 
overall system. A CRT-type display represents atcut cne- 
eighth of the total system hardware costs. The ccmputer 
system, which includes the auxiliary memory and interfaces 
with the remote units, comprises about, three-eighths cf the 
costs. Approximately one-halt of the hardware costs are for 
the remote units that interface with the subsystems. The 
cost of these remote units is dependent on the quantity cf 
signals. The hardware costs are generally equaled by the 
cost cf the software required to operate the system. 
Operating system and minimal decisionmaking software is 
supplied by the computer system suppliers; however, the ccst 
cf proqtaminq the automated procedures, display formats, and 
remote unit control is significant, and this cost must be 
berne by the user . 
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Digital control systems can be supplied at 
approximately the cost as analog systems. In most 

cases, a minimal set of analoq controls is included on each 
subsystem, and this cost is added to the total cost. 

va n jflges. - A digital control system provides a 
significant advantage over an analoq system in that 
management by exception is provided. The d cisionmakirq 
capabilities cf the digital computer allow for message 
communic ition cf exception data, which minimizes operator 
duties. When exceptional conditions are detected, the 
operator intervention is concerned only with that particular 
problem. The control system digital supervisor will 
coordinate all other related decisions; in cases in which it 
is predetermined and programed, the digital supervisor will 
veri£v and assure correctness of all the operator decisions 
as he intervenes. 

• * The provision c£ fail-safe 

control/moritoring necessitates either a totally redundant 
digital control system or an analoq control system for 
backup operations in the event, ot a failure in the digital 
system. The totally redundant syster is expensive to 
implement, and the switching of the failed components is a 
major control job itself; hence, an analog control system is 
generally used to allow continued operations after, failure 
ot the digital system. 


SUBSYSTEM CCNTPCL/MCNITCFING HAFCWABF 


The following discussion of subsystem ha r dware concerns 
various types cf sensinq elements and actuators, which ace 
the pieces cf equipment that interface with the logic 
control and then in turn with the control center. Sensor® 
and actuators are commonly well integrated into the 
subsystems in off-the-shelf configurations . 


Sensors 

Sensors are transducers that transform the energy ot a 
given condition, state, or value cf a process variable into 
another type cf energy that is celatable to the controlling 
logic. The mere frequent energy transformation is from 
physical to e ’ ctrical; however, physical-to-physical 
transformation (as heat to pressure) is frequently used in 
pneumatic control systems. 

J 32 iA 2 £_§SJJSSi 5 • “ Linear and angular motion sensors are 
used to detect slight degrees cf motion. They are 
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i mplemented by the use of pctenticme ter s, variable 
capacitors, cr variable transformer!: with a physical link to 
the equipment where movement is to be detected. The voltage 
output is proportional to the movement of the slider, plate, 
or core or the potentiometer, capacitor, or transformer, 
respectively. Linear motion is limited by the length of the 
sansot in the arm connection linkage technique. The angular 
motion is limited to less than a full revolution by most 
sensors of this type. A potentiometer can sense as muck as 
3)0° of angular rotation. A variable capacitor is limited 
to a maximum cf 180° ot angular motion, and a variatle 
transtermer can sense frem C to ±45° of angular motion. 

Speed cf rotation is a widely used sensing requirement 
in industry. A centrifuqal gcvernct is ere cf the earliest 
sensers cf speed cf rotation. This device consists of a 
rotating shaft directly coupled to the unit being monitored. 
As the shaft spins, centrifugal force causes counterweights 
tc spin outward. Th^ outward motion moves an arm connected 
to an indicator needle showinq revolutions per minute. When 
the indicator needle is connected to a potentiometer, the 
output voltage is proportional to the speed. This voltage 
can then be used tc control the current or fuel to the 
engine, and a constant speed is achieved. 

Forc e j sensors. - Pressure or compression sensors are 
usually based on the use cf bonded-wire strain gages. As 
wire ir the device is stretched or compressed, its length 
and cross-sectional area change; hence, its resistance 
change'. A current transmitted through the wire will then 
vary in prcpciticr to the pressure or compression. These 
devices are implemented with diaphragms to sense fluid 
pressures in enqines. 

SenECtE_fcr_f luids. - p luil sensors are devices tc 
detect the pressure or differential pressure cf beth static 
and flowing fluids. They include the bourdon tube, mercury 
columns, bellows, diaphragms, and differential pressure 
cells, each cf which can indicate, transmit, record, and/or 
control tluid actions. Turbine meters and rotameters are 
used for fluid flow measurements only. 

A bcuidcn tube is a thin, partly flattened tube made of 
springy metal in a curved arc and closed at one end. Fluid 
is fed irtc th- tube in the form ot a liquid or qas, and 
increasing pressure tends to straighten the tube. The 
slight movement of the closed ei.d causes a coupled indicator 
to move over *he pressure scale. Bcurdcn tubes can also be 
spiral ct helical to provide greater movement as pressure 
changes. Bellows and diaphragms furcticn in much the same 
manner and can be ->upled with linear or angular moticn 
sensors to provide electrical outputs. 
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In fluids, pressure differential across an orifice 
plate cr venturi tube is the *ost ccamon parameter used tc 
measure flow. Mercury ccluans with high* and lew-pressure 
inputs that feed mcticn sensors such that the Motion is 
nroportional to the pressure difference are used in aany 
standard configurations. 

Fluid sensors that Measure rate and guantitv ct f lev 
are based cn several ccabinaticns of sensors, A typical 
ouantity-neasur ing device is the uatermeter. This device 
works on the basis of incoming pressure against an 
oscillating disk. As the disk oscillates because of the 
pressure, a quantity of water (constant in proportion to the 
oscillations) is released to the exit pipe. The disk is 
coupled to a counter that is calibrated in terms ct quantity 
of watc-r per oscillation. 

A direct-sensing rate-of-flov device is the turbine 
flowmeter. A small line-mounted teter with propeller tlavdes 
that turn as the fluid rlcws tnrouqh the line senses the 
rate of flew. The rotor contains a maqnet that spins with 
the blades and induces in a pickup coil a current that is 
proportional tc the speed of rotation and hence tc the fluid 
flow. 


Another device that is ccmrcnly used tc indicat- 3 flew 
ct a liquid is the rotameter. It consists of a taper ed 
vertical glass tube in which a metal float moves up with 
increasing flew ard dewn with decreasing flow. Si2e 
r e laticnshi ps between th« tapered-tube diameter and length 
and the metal float determine the range ct flew covered ty a 
qiv^'i rotameter. For transmission of the flow measurement 
tc another location for indicating, recording, and/or 
control, th 3 Cleat is equipped with a position-sensitive 
electromag: ‘ ~ pickup arrangement. 

tiqrio-l-vel se nso ps .- in any process involving the 
flow and storage of liquids, the measurement and control cf 
the level become important parameters. Althcuqh many types 
of level-measurement hardware are readily available, only 
the basic methods tor level detection, transmission, and 
control will be discussed in this report. 

hide-range level-measurement units are the tape-flcat 
and differential pressure types. In the tape-tloat urit, a 
tape moves over a digital indicator/transmitter as the float 
moves ud and down with the liuuid level in the tank. Output 
siqnals can be telemetered tc remote stations tor readout 
and control of the livel. Differential pressure cells can 
sense pressures ahov 3 and below the liquid through ♦•he use 
of buttle tulec and can transmit electronic cr pneumatic 
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signals to remote stations fee readout and control of the 
level. 


Narrow-range level measurements can ke made with 
displacers, capacitance probes, and gamxa radiatiens. In 
the displacer unit, bucyance variations that occur with 
liquid-level changes operate through a torque tufce to 
reposition a flapper nozzle; this repositioning produces an 
output air signal proportional to the level. This pneumatic 
signal is transduced to an electric current for readout and 
control of level-adjustment hardware, A capacitance probe 
mounted in the liquid to be gaged and controlled gains 
capacitance with rising liquid level and furnishes an output 
of 4 to 20 milliaaperes of current for revete indicating and 
control of the level. A radiation level device uses 
cchalt-60 qarra radiations to ‘•look" through container walls 
and across the liquid surface to detect and control level. 
The gamma rays are absorbed by the liquid as it rises 
between the radiation source and detector, and a sharp 
change occurs in the output from the detector, which is 
registered in appropriate indicating and control hardware. 
Host level-measurement equipment can be arranged to operate 
alarms and/or switches at preset high and lew levels fer 
reasons of safety, assured performance, cr preservation cf 
liquid supplies. 

Te mp era t ure s ensors .- Both temperature level and 
temperature differences are important parameters in the 
control c£ processes involving consumption, transmission, or 
production cf heat (or energy) . Chanqes in volume of 
confined liquids, length of metals, resistance of 
semiconductors, eirf of bimetallic junctions, and heat 
radiations can be used for measurement and control of 
temperature (temperature changes) and temperature 
differences. This discussion will include cnly the basic 
and more easily applied techniques for monitoring, 
indicating, recording, and controlling temperature. 

The simplest device for temperature sensing is a filled 
system such as the mercury-in-glass thermometer because the 
glass thermometer is not readily used for purposes ether 
than indicating temperature. The same principle is used in 
a filled-bulb system. As temperature changes, the confined 
tluia expands cr contracts; this movement operates through 
levers to position indicating and controlling systems. 
Because of the unequal linear expansion of two dissimilar 
metals, bimetallic strips bend with temperature charges and 
constitute a near universal method of thermostatic cont-ol 
for both large and small temperature systems. 

The functional capability of resistance thermometers is 
based on the tact that most metals experience an increase in 
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electrical resistanc° with a rise in temperature. For •» 
netal like platinum, the tenperature/res ' stance relationship 
is very neat linear from 5 to 3000 K. Conversely, 
semiconductor elements such as thermistors have a negative 
temperature coefficient that is nonlinear and quite large .r 
the 273 to 423 K (C to 150° C) range and that decreases to 
nonusefulness at temperatures above 473 K {200° C) . Beth 
the resistance thermometer and the thermistor element are 
relatively expensive and require Kheatstcte bridge citcu: try 
to obtain voltage output signals at a useful level. Ecth cf 
these temperature-sensing elements are small in both siz« 
and heat capacity; however, both are alsc tcaqile and 
require adequate shielding and protection in all 
applications. 

Thermocouples, or junctions cf twe dissimilar metals, 
are the •' workhorses" of the temperature measurement 
industry, whereas radiation thermometers are very special 
temperature sersers and their discussion in this report is 
unwarranted. Cporati.cn of the thermocouple is based on the 
facts that electron pressure within a metal varies with 
temperature and that the electron pressure/temperature 
relationship is different for any two dissimilar iretals in 
geed thermal contact. What this means is that as the 
■junction between two metals increases in temperature, an emf 
or difference in potential is produced in the two metals 
that is proportional to the temperature rise ateve some 
reference- temperature . Although the accuracy, linearity, 
and range of the thermocouple as a temperature sensor are 
somewhat less than those for the resistarce thermometer, its 
application in industrial processes is far more extensive 
than that of the resistarce thermometer. Ecth low cost and 
rugged construction contribute to th? extensive use of the 
thermocouple in all phases of temperature measurement and 
control. If greater emf output is needed than is available 
frem a si ngle- junction thermocouple for a given temperature, 
increased response per degree of temperature change can be 
achieved by use ct multiple- juncticn thermocouples. These 
units are called thermopiles and may contain as many as 2C 
junctions ior a twentyfold increase in output voltage. 

yisihlg - li gh t sen so rs.* Photoelectric effects produced 
as light strikes a material are classified as three types: 

(1) photoemissi v*', wherein electrons are released from the 
material; (2) photovoltaic, wherein a voltage is generated; 
and (3) photocond ucti ve, wherein the resistance to 
electrical current is reduced by the light. All these are 
based on emission of electrons, although they are listed 
separately. 

rhot.otubes are light-sensing devices that contain a 
light-sensitive cathode that emits electrons when struck by 
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light. The ancde collects tho ^Bitted electrons, and a j 

current results if a positive voltage is kept on the anode. 

Gas ionizaticn within the phototube is used to cause a 

gteater current with respect to a given liqht intensity. j 

Phototubes ate widely used in industry as on-off switches, 

such as fcr lighting control or alarm systems for intrusion 

or smoke. Automatic dcor openers, counters, and conveyor 

belt controls generally use light beams to shine into the 

phototube. 

Photovoltaic cells produce a voltage prcpcrtional tc 
the light incident upon an iron disk coated with 
photoemissive selenium on one side. The coating allows 
electrons to flew readil/ from the selenium to the iron but 
not in the ether direction. When light strikes selenium, 
free electrons flew to the iron. This transfer giv» ..he 
iron a negative charqe and leaves the selenium positive: 
thus, a voltaqe is established that car pe used to produce 
current flew tc an indicating meter. light meters or 

exposure meters work on this principle. j 

Photcccndtctive cells also use semiconductors such as 
selenium to reduce resistance in the presence of liqht. A 
voltage source across the cell will cause more current tc 
flow as increased light is applied. Cadmium sulfide 
crystals (in very small sizes) react to ordinary room 
lightinq in somewhat, the same way. 

Phctotransistors combine transistors with a lens tc 
focus light on the base opposite the collector. In this 
case, light enerqy breaks down covalent bonds to produce a 
free electron fcr each bond broken. This process causes a 
reverse current through the transistor that is proportional 
to the intensity cf liqht rays falling cn the lens. 

Pa dioact^ vi^^-§aSgOE§» ~ Radioactive materials emit cne ! 

or more of three types of radiation: alpha particles, beta 

particles, and gamma rays. Alpha particles are helium atoms 
that have lest two electrons; hence, they are positively 
charged and have feut units or mass (two protons and two 
neutrons). Beta particles are high-speed electrons; they 
have a negative charge and negligible mass. Gamma rays are 
electromagnetic; they have energv but have negligible mass 
and no charge. Gamma rays ara of the same nature as light 
rays and x-rays but have shorter wavelenqths and higher 
frequencies. Because cf their extremely shert vavelengtks 
(1C -6 micrometers), aamma rays act more penetrating ttan x- 
rays (and much more so than beta particles); hence, they are 
the type ct radiation normally used in radiation sensors. 

E-^ta particles can be used fcr thickness measurements 
only on very thin materials, and alpha particles have nc 
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measurement applications. Gamma rays, however, are used 
extensively in the measurement and control of level and 
density. Level measurement by qavva rays was discussed in 
the section cn liquid-level sensors. Density is measured in 
terms of energy absorbed from the penetrating beam of gamma 
rays as they pass through a fixed thickness or the material 
in question. Density measurements may be made inside 
process pipes cr containers with wall thicknesses to S.CP 
centimeters (2 inches) cf iron. 

The most common type of radiation sensor is the Geiger- 
duller tube, which consists cf a lerg anode and cathode and 
contains a stall amount of a qas such as argon. Potential 
difference between the positive anode and the negative 
cathode is increased until the gas icnizes. Current flows 
through the tube as electrons meve toward the positive anede 
and positive iens move toward the negative cathode. Voltage 
on the tube electrodes is held just below the icnizaticn 
level of the qas; as gamma radiation penetrates the 
detecting lens, it causes the qas atems tc icnize. As a 
result, a current pulse flews throuqh the resistance in the 
anede circuit and produces an output voltage droD across 
this resistance. This voltage drop opposes the applied 
voltage and causes deionization of the gas and hence a 
stoppage of currert until additional qairma cays penetrate 
the tub° and the cycle is repeated. The output pulses can 
be amplified to register on indicating devices such as 
lights or loudspeakers. Counting the pulses gives an 
indication of the number of photons received, which is the 
relative intensity of the radiation level. 

P£OXiroit.y_sensors , - a magnetic pickup that has a 
stationary field about it is used tc detect the pres^rce cr 
absence cf an object on the assembly line or conveyor. As 
the object passes through the field, the field is distorted; 
this distortion induces vol^aq^ in the coil. Fate of 
rotation can be sensed by using this technique to sense gear 
teeth movement as a shaft revolves. Each teeth will 
interrupt the field, and the resultant pulse train permits 
the determination of the speed of rotation. 

Capacitive relays are also used as proximity switches. 
The body of the operator acts as one of the plates of the 
capacitor connected to qrcund. If the operator places his 
hand cr body in a hazardous position, the absorbed energy of 
the electrical circuit is sufficient to stop a radio- 
frequency oscillator that, controls current to an electro- 
magnetic device that shuts newer dewn and prevents the 
hazard. 

floisture - cont en t sensors.- The sling psychrome*- et is a 
dry-bulb/wet-bulb sensing thermometer that registers two 
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temperatures whin it mcves through air in which the water 
content is less than saturation. The lower the water 
content ot the air, the qreater the difference in 
temperature between Mie wet and dry thermometers; thus, the 
ccolinq effect cf evaporation is a function ot relative 
humidity. The difference in the two temperatures permits 
determination cf relative humidity from a chart or 
calibration curve. 

The functioning of a hair hyqrcmeter is based cn the 
ntinciple that hair (human, for instance) will stretch as it 
absorbs moisture (hygroscopic). This stretchinq with spring 
backup can cause a needle to move over a scale calibrated to 
read directly in relative humidity. 


loi s t ure- sensiti ve chemicals that change resistance as 
more moisture is absorbed are alsc us°d t c detect relative 
numidity. Poisture content ot powdered cr granular sclids 
can be determined by inserting two capacitance pronqs a 
fixed distance apart. If the resistance cf the dry material 
is Known, then the change in resistance with moisture added 
(which wall vary inversely) may be obtained. The dielectric 
constant of water is a pproxi ma tel y IS to 2G times that of 
•nest materials; therefore, small changes in the quartity of 
water produce relatively large cbanqes in the dielectric 
constant or the material. If a wet sample is placed between 
the plates cf a capacitor tor measurement of dielectric 
constant before and after drying, th° measurements provide 
data from which mcistur 0 content can be determined. 

Other noteworthy methods by which moisture can be 
measured include intrared absorption, electrolytic 
hygremetry, heat cf adsorption, and piezoelectric 
adsorption. Although the devices employing these methods 
provide mcisture measurements in the parts-per-mi 1 1 ior 
range, they ate expensive and eft^r require rather extensive 
preparation cf samples before the measurement. 

Density s e ns ors.- Seme of the simpler methods and 
hardware by which t. h - density cf liquids (and seme sclids) 
can be measured and transmitted for control cf an operation 
ire the transmitting hydrometer, displacer with torque tube, 
displacer with electromagnetic suspension, chainomat.ic 
displacer with magnet, static head, and gamma ray absorption 
techniques. The principles of the torque tube, static head, 
and gamma ray methods for density measurements were 
discussed earlier in this reccct. 

The hyd remeter sinks deeper into a fluid as density 
decreases, ana its vertical position is sensed by an 
attached metal rod and an external magnetic ceil. In the 
displacer electromagnetic-suspension unit, the displacer 
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weight is adjusted to tarely sink in the rluid with the 
highest density t.o be measured. Current required in the 
electrcinaqnetic ceil to maintain support (suspension) cf the 
lisplacer increases as the density decreases and therefore 
becomes an inverse signal for measurement and ccntrcl. In 
the chainciratic displacer, three metal chains ate connected 
locsely between the displacer and the walls of the 
container. As the chainciratic displacer meves upward with 
increasing fluid density and downward with decreasing fluid 
density, it supports mere or less chain weiqht, 
respectively. The vertical location of the displacer is 
detected by a magnet internal to the displacer and a pickup 
coil externa 1 to the nonmagnetic container. 

pH- se nso p .- The acidity or alkalinity of a solution can 
be determined by immersing special electrodes in the 
scluticn and measuring the voltage developed. The pH seal-* 
ranges from a value of 1 for highly acidic solutions tc 7 
tor neutral solutions to 14 for strongly al<aline solutions. 
The pH of a scluticn is really an exponential measure cf the 
concentration of hydrogen iens versus the ccncer. traticn cf 
hydroxyl ions. At a pH of 7, the scluticn is neutral and 
contains 6. 32 x I? 16 hydrogen ions and 6.T2 x 1C 16 hydtexyl 
iens per liter of solution. For each one-unit decrease in 
pH, the concentration of hydrogen ions increases tenfold and 
the concentration of hydroxyl ions decreases by a factor of 

in. 


Measurement ct pH in industrial streams and chemical 
processes is important because cf its effect on corrosion of 
inetals, deposition of solids, and rates of reactions. 

Liquids with pH values from 5 to J are highly corrosive and 
require special alloy metals (such as stainless steels) for 
handling. Liquids with pH values above B rapidly deposit 
solids (salts) when heated, and this deposition will cause 
plugging of transmission lines. Chemical reactions such as 
the polymerization of butadiene and styrene in the 
manufacture of synthetic rubber require careful control of 
pH to produce the best reaction rates for the desired 
product quality. 

Flectrcde potentials are both zero at a pH of 7, and a 
potential difference of approximately 59 millivolts is 
developed for each unit p!i value above and below 7. Eecause 
of the extremely high impedance between the special 
electrodes and the scluticn for which pH is being measured, 
a special voltage amplifier is required; even the best volt- 
meter or potentiometer will net measure pK in a satisfactory 
manner. 
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Actuators 

An actuator is a device that converts a signal input 
into a mechanical notion. The input signal may be 
electrical, pneumatic, hydraulic, or mechanical. The 
mechanical action may be linear, rotary, or reciprocating. 
Gears and linkaqes may be used to chanqe one type of motion 
to anotner. Actuators are to fce considered as control 
devices rather than as sensinq devices. 

Sol en oids and m o^c^s.,»_ ej |.ectiical . act uatoi^s. - The most 
common type of electrical actuator is the sclencid. It is 
an electromagnet that is energized by an electrical siqnal 
and consists of a coil and a movable iron core or plunger. 

As the coil is energized by the input signal, its roaqnetic 
field pulls th* 2 cere into the coil. A spring pulls the core 
back cut ot the ceil when the coil is deenergized. The 
actuation is accomplished by attaching the element to be 
moved to the core. Solenoids are cn-cff devices in that 
they are capable cf producing only two movements (push, 
pull). They ate usetul in such applications as valves, 
trakes, gates, doers, and dampers, wh^re a mechanical force 
in a straight line is required. 

lotary solenoid? ar-» constructed by suspending the cere 
on beatings sc that the result cf the electrical field 
causes the core tc rotate in output strokes from 5° t.c 99°, 
depending on construction. 

Electric motors can be considered actuators ot a scLt 
in that, they convert electrical input signals into 
mechanical motion. They are useful in providing power tc 
drive fans, pumps, and tools. When coupled with gears, 
clutches, or drive trains, motors can be used for opening 
and closinq deers, valves, and so forth. 

Clutches and brakes: A solenoid actuator can be used 

to onqaqt *wo friction disks tc (.reduce a clutch 
arrangement.. This method is useful in connecting an cutput 
shaft tc a rotating motor fer production of force for a 
controlled period cf tira^. A brake is made by using a 
solenoid actuator to engage a rotating shaft and a 
stationary friction plate. 

Torque and force rotors: Torque and force motors are 

particular applications of sclencid techniques that are used 
to produce a tew degrees cf rotary motion cr deflecticn at 
the end cf a lever arm. 

Position controls: Electrical actuators are designed 

tc position the actuated device in response to input 
signals. Because solenoids are on-off devices, it is 
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evident that they must he designed in complex fashion tc 
operate proportionally for production of the required feu 
degrees: of ccntrcl; hence, motors are used as actuators and 
may he coupled with generators to produce an output shaft 
motion representative of input signals. The counter 
electromotive force of the generator serves as a fcrake cn 
the motor. Combinations of meters and generators, called 
sy nchiosystems, can he used to provide the stepping power 
required tc move or rotate valves, dampers, or doors in any 
increments required by the procsss. 

Fluid powej^actuatops. - The pressure exerted hy a fluid 
can be used to operate a plunger tc produce a push cr pull 
fetee as required. Actuators operated by a gas (generally 
air) are called pneumatic, and those operated hy a liquid 
(generally cil) are called hydraulic actuators. Cylindrical 
actuators can produce a push or pull and may be backed by a 
spring or dual-part system that reverses the plunger 
uirection when pressure is reduced to a preassigned value. 

Fotary actuators are made by attaching a shaft to a 
fixed set of vanes. Usually, rotary actuators are limited 
tc less than a full revolution (maximum 270°) by a barrier 
in the chamber arcund the shaft and v<..nes. 

The operation of diaphragm motors is based on the 
application cf pressure to a diaphragm that pushes against 
the device being actuated, such as a valve stem. The area 
of the diaphragm and the amount of pressure applied depend 
cn the force required tc clcse cc eper the valve, door, and 
sc forth. When pressure is reduced, a return spring causes 
the actuating rod tc move back to the normally open or 
normally closed position. Notion of these actuators can be 
controlled proportionally because the pressure exerted on 
the diaphragm moves the actuator in a proportional manner, 
so that indicators or electrical sensing devices can be used 
to show relative positions of the actuator. 

Valves.- A valv<’ is a variable-opening device used tc 
control flow of fluids or semifluids such as pewdered 
material. They can be either cn-off or throttling devices 
and, as discussed previously, can be controlled by either 
electrical cr pneumatic actuators. Most common valves are 
plug and seat arrangements that are sometimes called 
throttling or needle valves. Gate valves slide a Dlate into 
an opening tc step flow and move the plate out of the 
opening to permit flow. Butterfly valves have gates that 
rotate to control th j flew and are especially effective fer 
materials that will fcul cr clog plug-type cr slide-type 
valves. Actuation of butterfly valves is accomplished with 
electrical, Freumatic, or hydraulic actuators, and positions 
cf th* valve can be sensed by various methods. 
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Th a determination of the applicable level of control 
systems technology commensura te with the HUC direction for 
the Kins Program was based on a survey cf many types cf 
operational systems with functions similar to those of the 
M I US . Power generation, heating and cooling, water 
distribution, solid-waste handling, fluid flow, and building 
system (fire alarm, elevators, and security) installations 
were visited, and their control systems were studied. 

Examples or cent rol/monitoring system functions and 
descriptions are given in this section. Several 
installations tor liquid-waste-treatment control and 
monitoring were also visited; however, th° technology used 
in these operational systems was advanced only to a point 
that would provide a design baseline for the *1113, and it 
was net considered of sufficient interest to include. Motor 
control ter pumps and valves was found to be quite 
conventional. Detention time in processes was based cn 
operational experience and manual tests. Hence, this effort 
ct the MIPS desion remains the most significant 
techr.ol ooi ca 1 development area. The instrumentation 
requirements for the HIPS liquid -waste-treatment control and 
monitoring have- been included in the section entitled "MIUS 
Ccntrol/Konitoring Systems.” 


CHILI. EC KATE? SYSTEM 
NASA LYNDON B. JOHNSON SPACE CENTEE 


The chilled water system at the NASA I yndon D. dehrsen 
Space Center (JSC) supplies chilled water at 278 K (40° F) 
through pipelined utility tunnels that serve centrally 
located air-conditioned buildings. The chilled water system 
is desiqned ter the return water to Leach a maximum 
temperature of 286 K (56° F). The system includes seven 
centrifugal ref riger ttion units operating in parallel; each 
unit is driven by a steam turbine. Each unit has 18 14 x 1C 3 
kilograms (20CC tens) of refrigeration capacity and is 
designed to cccl 0.1893 m 3 /sec (.3000 gal/min) cf circulating 
water from 2 86 to 278 K (Sf.° to 40° E) . 

The system operates under either automatic or manual 
control. During normal operation, the capacity ct each unit 
is controlled automatically to maintain a preset chilled 
water temperature at the evaporator cutlet. The control 
system senses the temperature of the chilled water and 
adjusts the speed of the turbine and modulates a d*muer in 
the suction lire to compensate for h^at removal 
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requirements * This is accomplished at all leads from full • j 

tc 25 percent. leads from 25 to 10 percent require manual i ! 

operation cf a bypass valve to supplement the automatic 
techniques. 

In off-normal operations when manual control is used, 
both the turfcire governor speeds and compressor suction 
damper positions are adjusted with manual switches. Scire i 

chillers are equipped with electric motor-dri v<=n speed 1 

changers that are manually controlled from a display panel. 

These speed changers override pneumatic temperature 
controllers and allow manual oceratiens + c set +urbi ne 
speeds aheve cr belcw normal set points. 

In addition to operational controls for the chilled 
water system, safety cutout devices are incorporated to 

protect the system under extreme conditions. Fxamples cf I 

safety cutout parameters ate as follows: | 

£ajameter A f f ec t e d_ A r e a 

High temperature 


Low temperature 
Pressure 


Overspeed 

The safety devices make up the interface to an advanced 
alarm system to alert operators befere shutdown of the 
system. They alsc provide failure indications cn a status 
panel after shutting dewn the system. 


OPERATION UFEAKTHSCUGH - AUTOMATIC CChTfcCL SYSTEM 

JE°SFY C X i Y SITE 


The dersey City total-energy site contains five enqine- 
generatot units. Each of these units uses an individual 
ccntrcl cabinet. The functions of speed control, real-load 
division, reactive-load division, voltage regulation, enaine 
and electrical system start sequencing, alarms, and 
protection tic® undesirable operating conditions are 
controlled ty these separate units. Tc attair the desired 
system performance, a master control unit is implemented tc 
coordinate all the units in operation. This master control 
unit supervises the automatic starting and stopping of all 
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Compressor main teannq 
(both ends), compressor 
oil, turbine main tearing 
(both ends), and turbine oil 
Chilled water and refrigeiart 
Refrigerant, compressor cil, 
turbine oil, low differen- 
tial pressures, chilled 
water, and condenser wa*et 
Turbine 
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units in response to the lead demand. Preselected sequences 
ard variations to the sequences are provided in this control 
ot start/stop. Automatic paralleling with capability of 
manual paralleling is also a requirement that the master 
control unit mu. t accomno J< te . Any or all units can be 
operated in a manual mode. The failu~ projection monitor 
and control features incorporated on the engine-generator 
units aL normally not overbidden during manual operations. 

The individual unit controller will sense the following 
undesirable operating conditions: 

lew oil pressure (with 
lockout during startup) 

High water temperature 
High oil temperature 
C ve r speed 
Underspend 
Excessive vibration 
High cil-ccclant tempera- 
ture 

lubrication filter high 
differential pressure 
Fuel filter high differen- 
tial pressure 

An occurrence ot any of these undesirable conditions, will 
result in the shutting down of the enqine-generatcr urit. by 
the unit controller. Some of these conditions art 
transmitted tc the master controller in two stages: an 

alarm is issued first and then a signal is sent that the 
unit has heen shut ievn as a result cf the ma 1 f unc tier . In 
any event, the shutotf notification must fce sent to the 
master control unit, A lockout key is manually operated tc 
bting the engine-qenerator unit back on line after the 
malfunction has been corrected. Individual-unit malfunction 
and status indications are reported to the master control 
unit from, each of the five generators. The indications are 
unit selection in either manual or automatic control, gross 
unit ir.al f tine ticu, unit ready, unit startinq, unit stopping, 
urit cr line, and 40 and 90 percent load adjustable signals. 
The five generators can be automatically controlled from the 
master unit to te brought on line cr dropped off as the lead 
demands. A required minimum number of units cn line at any 
time will override such dropoff in the load-sensinq circuit. 

Manual ccntLcl for a given unit allows start, stop, and 
paralleling rrem the master control unit. The protective 
features of the automatic system operate in the normal 
manner durinq this manual control mode. Nc automatic 
ccntrcl is provided from the individual unit controllers. 

The overall operational performance ot the power generation 


High exhaust temperature 
Hiqh intake-air tempera- 
ture 

Circuit breaker trip 
Excessive start time 
Overload 

Failure tc parallel 
Reverse power protection 
Generator underspeed 
Overvoltage 
Undervcltage 
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functions can only be monitored and controlled frcir the 
master unit. The master unit incorporates a single ireter to 
read line voltaqe, a sinql* meter to read total current in 
any phase, and a single meter to read the frequency cf zny 
unit cr bus. A recording wattmeter, a totalizing watt-hour 
ireter, and a power-factor meter provide system output 
information at the master control unit. 

The prevision for terminals tor additional engineering 
instrumentation has been specified. These terminals will 
allcw laboratory tests of voltage control, frequency 
control, overspeed on startup, real-time and near-real-time 
lead divisions during paralleling, and load dumping. They 
can also be used to verify the functions of the protective 
devices on the enq ; nes and the sequencing procedures of the 
master control. 


OFFS H CPI PT.ATFOPM WEIL CONTPOL SYSTEP 
LAKE CHARLES DIVISION, CONTINENTAL CIL CCMEANY 


The offshcre platform well control system provides 
computerized ccntrcl and monitoring of offshore gas wells, 
includinq well testinq, production shut-in, turn on, and the 
hurricane emergency timer. Approximately 158 wells on 13 
platforms are monitored and controlled by the computerized 
system. The data ar« transmitted by mv : wave transmission 
from lak* Charles to the Gulf, and * 1 i . . e telephone cable 
is run from the Gulf to each platform. 

F'^mcte terminal units located on each platform serve as 
the interface between the computer system and the well 
hardware. Electrically controlled valves, regulators, and 
monitoring points ar J tied into the remote terminal units. 
These units can serv- as "stand alone" remote control units 
irrespective of the computer system. Through a series cf 
switches and ccntrcl knobs, the operator can perform manual 
control electronically at a console on the Dlatform. 

The ccntrcl system central hardwar® complex is based cn 
a Control Lata Corporation (CDC) 1700 computer with minimal 
peripherals (i.e., teletype, card/reader/pur.ch , and disk). 

A special console for communications allows a highly tLained 
operator to control the wells from th« ccntrcl teem. 
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TH° CHI-4 30 FILCT FL ANT 

CrrBUSIICN FCWFR COMPANY, INC. # MFNI.C FANK, CAIIFCFMA 


The automatic control system ter the Cpi)-4C3 pilot 
plant monitors and controls a solid-waste preparation and 
storage subsystem, a solid-waste combustor arid oas 
preparation subsystem, and a turboelectric subsystem. This 
pilot plant system is a development item, and the control 
subsystem is presently tailored to the precise control ot 
the gas temperature and flow rate delivered by the 
cembustcr. These factors affect the energy output cf the 
gas turbine, which in turn produces the electrical energy. 
This electrical energy is the primary output of the pilot 
plant and is the primacy parameter being controlled. 

The centre) subsystem consists of a manual control 
system and a computerized ccnttcl system. ihe manual 
control systtm is compos?! of siqnal transmitters, analcu 
controllers, toggle switches, and relay logic networKS. The 
computerized system includes portions of the atcrement icnod 
items, the computer main frame, operator terminals, and 
input/cutput and storage devices. 

Operating modes of the combustor system are manually 
controlled with five mede switches that select one and cnly 
on a of the following modes: (1) tackhead, (2) fluidized 

operation on diesel fuel, (3) fluidized operation or. diesel 
fuel and solid wast‘d, (4) fluidized operation on solid 
waste, and (*>) fluilizeu operation without fuel. 

Valves ate automatically controlled by analog 
controllers. Ihe valves are electrically operated 
prcporticnal valves (positions proportional to the input 
signals) that are controlled automatically by the analog 
controller. Set-point adjustment is by thumbwheel, with a 
meter reading ter inlication ot the signal being 
transmitted. 


In the automatic mode, the analog controller compares 
signals ftem the system parameters with anticipated Iby 
operator selection) levels. The output siqnal is then 
increase! or decrease! based cn the difference between the 
measured value and the selected value. 

The computer system consists cf a lb-tit word length 
minicomputer with 20K words of semiconductor main memory, a 
battery nack for memory refreshing during power outages, an 
internal communications register for input/output , and a 
control panel with a kzylcck. 
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The computer accepts 30 channels cf low-level analcg 
measurements fro* th^rmcccuple-type devices and 80 channels 
of high-level analcg neasurenents fccn pressure, speed, 
Fcsiticr vcltaqe, flow rate, and other types cf transducers. 
It uses 16C channels ot discrete contact sensinq 
neasurenents to ronitor contact closures and alar* 
conditions and 32 bits of diqital data tc *cnitcr rede 
selection. 


The ccnputei uses 18 channels cf high-level analcq 
output for set-pcint ccrnands and 16 A channels of discrete 
contact closure outputs to control the relays and contactors 
tor programed sequences. 

An annunciator panel containing lights, a CFT, and a 
schematic provides status inlication to the operator during 
automatic computer-controlled operations. Fct manual 
operations, a schenatic that is bacic-lit will indicate 
operating functions. tih^n a parameter goes out of 
tolerance, indicator liqhts flash. The computer will 
provide * hardcopy output or alarm conditions and a CRT 
status indication during ccmputer-ccntrcl 1 c ration. 

Special-purpose jas sampling and recording equipment 
crevides particle removing, qas ceding, drying, 
t.e irperature, and flow control. These specific analyzers 
monitor oxygen, hydrocarbons, carbon monoxile, carbon 
dioxide, sulfur dicxid- 3 , nitrogen oxide, and hydrochloric 
acid. They are net connected tc the manual or automatic 
control syste*. An outline particle size and count using 
photoluminescent techniques is being developed; hewever, 
tnis development is not yet complete and a more covplex 
technique is being used. This method fcrces a sample 
through a calibrated orifice that has a given current 
passing through it. The change in resistance caused by the 
particles is proportional to the size of the particle. 


W ATFR DISTRIBUTION CFNTFCl SYSTE!? 
SA4 ANTOMO 


The water distribution control system (fiq. 3) consists 
of ccntrcl equipment, telemetering equipment, a system irap, 
and communications facilities. The system covers 466 square 
kilometers (180 square miles) and is divided into 6 service 
levels, 9 major pump stations, 13 elevated storage tanks, 27 
secondary pump stations, and 57 monitoring sites. 

The computer system used is the IBS 18?C. The computer 
monitors mere than 6C0 points and controls 35C variables. 

It allows for one operator to manage both water distribution 
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and a chill ed-water/steam pla Th® computer ircnitors all 
points every 5C milliseconds, qs all transactions , sounds 
alarms ter cut-of -tolerance conditons, and performs 
statistical data processing functions such as tilling. 

The IBM 226C computer furnishes display equipment. The 
operator uses the IBM 22b0 to request status, he nay alsc 
request a special printout. Two IBH 1053 printers are used: 
cr.e print? alarm messages and the other prints hourly 
transaction legs. A printer keyboard f IB R 1816) prints a 
full-day leg each midnight. 

Chilled-water billing is achieved by monitoring the 
flow and ccnvertinq it tc ton-heur hilling units. Punched 
cards are output daily. 

Transmissions are made over leased telephone lines. 

Tone sivjnals, sent once every 15 seconds, have a maximum 

length ot 12 seconds; the ler.qth is proportional to the j 

value of the parameter being sampled. The computer system ■ 

samples the tcre signals that have be^n discriminated 
through passive filters tc represent irdividual channels. 

Each parameter is sampled every 50 milliseconds. The 
computer is simply looking for the presence of the tone. On 
receipt of a null period (iniicatinq »nd cf transmitted 
value), the computer totals the counts received. A maximum 
of 60 r counts is representative ot a full-scale value li.e., 

12-second signal sampled every 50 milliseconds and tone 
detected each time). Hence, a 6-seccrd tene indicates 5' 
percent of full scale, which is interpreted tv the computer 
to he a half-tull tank or a pressure of only one-half of 
full force. 

All variables are converted tc engineering units everv 
minute and checked aqainst preset limits every 2 mirutes. 

Operator decisions are made on the basis cf processed data. 

Priority interrupts alert the computer to evaluate critical 
quantities. Audible tenes on alarm herns are used with 
printed alarm messages and alternative actions messages to 
indicate emergency procedures. 

C*cd-d sch-matics ot the water and heating/cooling 
systems are graphically shewn cn a ccmputer-ccntrclled slide 
projector. This setup allows the operator tc interface with 
the system thrcuqb the computer without usinq unwieldy 
textbook- type procedures. 
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AUTOMATIC CCNTitfl AND MCNI TOFTNG SYSlEfl 
DISK" YhOFLC, FICFICA 


The d u t c Bid tic control anil monitoring system at. 
Disueyworld (fiq. tt) provides a com municaticns-criented 
monitoring anil management system for the following areas: 


Fire alarm and 
suppression 
Sewage treatment 
Solid-waste handling 
Domestic water 
Central energy 
Energy distribution 
Drainage 


Flevator emergency 
procedures 
Air handlers 
Fuel leading 
Refrigerated storage 
Security 
Secondary power 


There ar; 1JCC sensing and control points with plans for 
extension ct these as existing services are expanded and 
additions are incorporated. 

The system is comprised or six data terminals, called 
Centri, which are located geographically. These terminals 
scan th-» various parameters in their area once each second. 
Critical measurements are implemented on two or more 
terminals. The Ja*-a are scanned, ard any significant change 
is reported to the computer system. The computer system, 
under operator command, can request data at any time. These 
remote terminals are centered around minicomputers that, 
through sertware, operate the terminals. It is possible 
that all the required processing for a Given area coulc he 
accomplished at the Oentii terminal. Each terminal contains 
the necessary digita 1/ana log logic to interface with the 
sensing points in th- Disneywcrld system. Six remote 
terminals were chosen as a result of cost trade-orf studies. 
Primarily, the cost of installation and integration of 
cables (wires) compared to that of diqital equipment pointed 
tc mere remote terminals rather than a single one as being 
cost effective. The consideration cf growth thrcuqh 
addition ct fu rations also affected the choice of several 
remote terminals rather than a single cne. 

There are four typ j s of displays in each of seven 
locations. They consist cf (1) CBT data terminals, which 
provide the working interfaces with the operator, (2) 
teletypewriters for hard copy, (3) audio alarms, and (h) 
lamp display panels. In those instances wherein a dual 
display ct a single critical parameter is implemented, it is 
driven by separate computers. 

The two central computers are used tc implement 
redundancy for critical operations. A concept cf stardhy 
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redundancy is used wherein computer D performs all 
operations while computet A does self-test programs on the 
entire system (including computer E) * The computers are 
located separately to avoid common catastrophies that would 
cause failure of hoth systems. In high-activity processing 
periods# th» standby computer takes over some of the 
prccessina load. Either computer can serve in either role. 

lhc tctal software system for the tisneyvorld automatic 
control and monitoring system consists ct the fcllcwinq 
categories: executive, applications, self-test, data base, 

and utility. These software packages are self-descriptive. 

The Pisneyworld system probably represents the mcst 
forward approach tc overall utilities monitoring and control 
mat has h^en implemented to date. As an application tc the 
Ml US, it contains all the functions of the hardware and most 
of the software. The area of the MIUS in which development 
data and demonstration are lacking is the physical 
integration of the various subsystems and their associated 
control and monitoring software. 


SPACE SHUTTLE AVIONICS 
IYNDCN C. JCHfSCN SEACE CENTEF 


The avionics subsystem of the NASA space shuttle 
consists of guidance, navigation, and flight ccrtrcl; data 
processing ar.d software; communications arc tracking 
inst r uo.en ta t icn ; displays and controls; and electrical pcw»r 
Ixstribution and ccntrcl. The application of the space 
shuttle avionics technology to the MIUS is most beneficial 
from a functional consideration rather than an actual 
implementation. The functions cf cnbcard systems 
management, integration, and simulation are of particular 
interest. Technology requirements for the NASA space 
shuttle- are centered arcund the use of proven equipment 
and/or techniques. Many of the concepts that are to te 
implemented in the shuttle avionics hav<» teen well 
demonstrated in the electronics laboratories at JSC. 

Decause the detailed shuttle desiqn is currently beinc 
formulated, no particular configuration can describe it; 
however, those functicns related to the MIUS have been 
treated in the following manner. 

The systems management provisions include onboard 
functions required by both flight and ground crews to 
determine vehicle status, conf iguraticn, performance, and 
operational readiness. These provisions include cauticn and 
warning, per fcrma nee monitoring, and in-flight data 
recording ror later ground analysis. The primary features 
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reproducibility of the 
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of the onboard systems management are used in airline 
systems and are based cn the following criteria. 

1. The cockpit is the center of both in-flight and 
ground activities, except for hazardous servicing. 

2. Operational displays and controls are used tc the 
maximum extent tor checkout. 

3. Automatic fault detection is provided for flight- 
critical functional paths. 

4. Built-in test equipment is incorporated in avicnics 
and ncnavicnics equipment. 

b. Previous flight subsystem performance is the has is 
for meet, ground checkout activities. 

The performance of subsystems is monitored at the subsystems 
management station and center and at the pilot consoles. 
Although some systems contain provisions for automatic 
switching of redundant elements cr for automatic safing cf 
failed elements, most, redundancy management is accomplished 
manually. It is generally based on data made available 
through the performance monitoring function and dedicated 
cockpit displays. 

The hardware tor the performance monitoring function 
consists cf the following elements: 

1. Computer and associated input/output switching 

2. CFT, keyboard, and annunciator panel displays 

3. Pulse-code-modulated ( E C ft ) data bus system 

4. Data acquisition system (includes remote units with 
stored program format controller) 

5. Special-purpose recorders for ground and in-flight 
playback 


SUMMARY CF CF^F AIICNAL SYSTEMS 


The contrcl/mcnitorinq systems that have teen generally 
described could have been implemented in several basic ways. 
These systems were chosen to illustrate the technology level 
of existing systems. The instrumentation techniques 
available have been discussed in earlier sections of this 
report. The choice of computers in these types of systems 
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can be made ftcm a multitude of applicable candidates. A 
survey of the minicomputer market and a compilation of 
selection advic® fcr minicomputer users are presented in 
reference 1. Frices for central processors with a standard 
complement or memory (usually 4K to 24K maximum) are shewn 
in reference 1 and in most trade advertisements. The added 
cost icr peripheral equipment must be considered before 
pric» comparisons are meaningful. Fefererce 1 outlines the 
irest significant selection criteria for this field of 
technology and lists 65 suppliers of minicomputers and 
associated hardware. 


SELECTION CRITERIA 


The selected system for the HIUS control and monitoring 
function will provide the information necessary for each 
subsystem and for the overall MIOS to accomplish intended 
goals. Each subsystem and the interfaces amona subsystems 
will be monitored for those parameters that determine safe 
and optimum operational levels based cn load requirements. 

To achieve these levels, switching of the subsystem 
components off the lin® or to a different operating level 
will he accomplished as required. A functional block 
diagram for the KT us control/ monitoring system is shewn in 
figure 5. 

Automatic controls shall he implemented into the Kins 
design such that mcra effective operations can be achieved. 
The diversion cf flows and loads and the addition of 
chemicals in treatment processes shall require only general 
supervision by a single operator. 

Valve controllers, pump switches, meter controls, and 
automatic leaders shall be implemented into the KIDS design 
such that an individual or a group of measured or sensed 
quantities within a subsystem will provide sufficient 
information to the control center sc that compensation can 
be made for changing operational situations such as flew 
diversion, pump control, and sc forth. This requirement 
does not eliminate the need for regular maintenance crews 
that periodically service the controllers and manually fill 
the hoppers. 

A centrally located control reem will provide space for 
all controlling, computing, and recording equipment, as w®ll 
as toL operator personnel. All signals shall be routed to 
t.he ccntrcl room for indicating, recording, and/or 
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controllinq from one location. Noncontrolled measurements j 

shall be available foe monitoring only in this room. In ' 

* addition to housing control equipment, the control rocm 

I should provide suitable and proper (quiet) space for 

| discussions of problems as they may arise in the MIUS 

|. facility. 

a 

\ The control system shall be capable cf operation in i 

three different modes from the control center: (1) manual ! 

control by the operators from control center valve 
positioners, (2) automatic controller operation with siqnal 
output based cn value cf signal received, and (3) automatic 
signal output by digital computer based on received signals 
and processed associated values. Ir addition to these 
console operations, manual positioning of valves must be 
possible at service positions independent of the control 
cent er . 

Control techniques for the types of subsystems used by 
the sins arc advanced to a state of computerized 
conventional control. Conventional analog controllers 
mounted cn panelboards can be adjusted by the operator or by 
a computer. 

Continuous monitoring from a control room cf the MIUS 
subsystems ard the interfaces among subsystems shall be 
provided as a part of the MIUS installation. Sufficient 
instrumentation shall be included as a part of each 
subsystem and on the interfaces among subsystems so as tc 
provide- a continuous status to the operator in the central 
control reem. Operation of the MIUS shall be conducted 
without the necessity cf the operator having to routinely 
read gages, meters, and ether indicators aicurd the 
equipment reem fleer. The equipment room environment fer 
the MIUS, like that of similar system installations, is 
expected to be such that routine manual operations can be 
performed without the need for extersive physical protection 
for eyes, ears, and so forth. 

The MIUS control and ironitorinq equipment shall be 
capable cf legging and recording selected measurements. 

Certain operational parameters that are of interest fer 
long-term status reports and that are cf daily or even 
hourly interest to operator personnel shall be legged. 

Strip-chart recorders and a printer output shall serve as 
the loqqinq devices. Selection of data tc be legged shall 
be by patch panel cr keyboard input at the control console. 

Automatic legginq cf parameters that vary unusually and cf 
alarm conditions shall be a function cf the digital 
supervisor and its interface to the printer. Daily operator 
legs can be supplemented or fully furnished by the digital 
supervisory cutput to the printer. 
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SUPSYSTFM INSTRUMENTATION ' 

i 

Performance of a KIUS subsystem shall be monitored and 
controlled with sensors and control techniques that 
conventional ir control systems for utility and 
petrochemical industries. The measurinq and control 
techniques discussed in the following sections shall be 
used. 


Temperatures 

Thermocouples shall be used to sense temperatures in 
heatinq and coolinq water lines and across heat excbarqes in 
anyines, pumps, incinerators, and process tanls wher® 
temperature ccnttcl enhances the operation. Amplifiers, 
controllers, and transmitters shall be implemented as 
necessary for the controlled responses to valves, pumps, and 
sc forth, such that the optimum rang® of temperature is 
maintained . 


Pressure 

Fluid pressure sensor transmitters with local readout 
shall be used to determine pressure in the various 
components of the Plus. A 4- to 2C- milliampere signal that 
is proportional to t'ue sensei pressure shall be transmitted 
to the control room. Controllers at- required for those 
parameters for which the pressure must be regulated within 
high-low limits, at a specified rate cf change, cr for ether 
predetermined conditions. 


Flow 

The flow cf wat^r in various loops of the Mills shall be 
monitored with rate-ot-flcw devices such as orifices cr 
flew, venturi, or Pitot tubes. Differential pressure cells 
that transmit 4- to 20-milliampere signals representative of 
the flow rate shall he used to provide the signal from the 
device to the ccntrcl room. 

The flew cf conductive materials that are thick, 
corrosive, turbulent, or solids-bearinq (such as sludge) 
shall be monitored with magnetic sensors. Ihese sensors 
shall produce millivolt siqnals that are transduced to a 
4- to 2C-milliampere current output prcpcrticral to the flow 
rate. 
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Controllers fcr both categories cf flow-rate sensors 
shall be used where the flew is to he nodulated or diverted, 
based on predetermined factors associated with the rate. 

The valves or pumps that alter the flow shall contain 
interfaces that will accepr a signal frem the controller for 
position or start/stop control. 


level 

Liquid levels in tanks shall be monitored by using 
float, buoyancy, or differential pressure sensors to 
transmit either the volume on a continuous basis or an 
indication of high or low levels as alarm signals. The 
transmitter output shall then be used to turn pumps cn or 
off or to position valves as necessary to adjust the level 
co the proper volume. 


Water Ouality 

Instr uirentaticn for determining the effects of and the 
requirements fcr treatment of waste water and potable water 
shall be included in the filUS. Examples cf sensors that are 
to he used to determine the quality cf such water follcw. 

1. Chlcrine - Ion probes for chloride detection and 
total chlcrine monitoring, using reagents such as 
orthetoiidine, provide continuous chlorine levels in the 
stream ci tank. 

2. Carbon - A total organic carbcn (TOC) analyzer 
shall be used as a continuous monitoring device tc detect 
the immediate organic loading. 

3. Conductivity - The monitoring of total dissolved 
solids in cooling towers and boilers shall be required. A 
continuous blcwdcwn procedure that uses a conductivity cell, 
a transmitter, and a controller to operate the duirr valves 
shall be implemented. 

4. pH - Cn-line control cf the pF of treated water 
shall be implemented through •►ha use of electrodes, 
transmitters, and controllers to add acid, carbon dioxide, 
or ether substances to change the pH as it varies ahove cr 
below the optimum level fcr proper treatment. 


Subsystem Instrumentation Summary 

The instrumentation techniques specified in this 
section have been proved through their uses in industrial 
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chemical and refining operations and in utilities opera ticns 
durinq the past years. The general overall acceptance ct 
these types of instrumentation techniques at such major 
industrial installations qualifies the* as being equally 
acceptable for MIL’S installations. Major hardware 
suppliers, architectural and enqineerinq firms, and 
mechanical contractors will have no difficulty in supporting 
the Drojcct efforts with respect tc the instrumentation 
called for in this sp°cif icat icn . In addition, the aspects 
ct eperatier ard maintenance will be accomplished with 
relative ease because the techniques are universal. 


SYSTEM ACCHFACY 


The instrumentation for the MIHS ccntrcl/mcnitcnrq 
•system shall have an overall accuracy ct at least, tl percent 
ct full scale. The tollcwinq accuracies (maximum «r rers 
allows 1) for the various components of the control and 


inonitorirg instrumentation 
requirement . 

13 n s o t s 

I rarsn i t ters 
Panel mf ters 
Multipoint readout 
devices 


shall be met as a minimum 


i C.5 percent of full seal.: 
iC.5 percent of full scale 
±2 percent of full scale 

±0.5 percent ot full scale 


of t- the- shelf instruments provide th^se accuracies in 
standard configurations. 


REDUNDANCY 


The MILS instrumentation shall be implemented 
redundantly in accordance with the following guidelines 
(minimum redundancy requirements) . 

1. Nc primary -*l*?ment or associated hardware 
redundancy is reauir-d for flow measurements. Failure ot a 
given instrument will not result in degraded system 
performance as long as related pressure and temperature 
parameters are still, available. 

2. All temperature measurements that are transmittel 
to individual indicators, recorders, or controllers shall 
originate frem a duplicate set of temperature, probes. 
Redundant { rcbes shall be mounted in the same thermowell as 
the temperature sensors that supply measurements fer 
logging, multipoint readout, and digital supervision. 
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J. No primacy sensor element or associated hardware 
redundancy is required f ;r pressure and lev^l measurement c . 
However, local gages shall be implemented to provide system 
backup. 


4. Fee transmission wire, 15 to 7 C percent, ot 
redundant (spare) wire pairs shall be included in all 
m u it iconductor cables in conduit cr trays that lead from the 
control center t*rminal beards to junction boxes in the 
subsystem equipment area. 


5. All erstrear water analysis instruments roust be 
tacked up by laboratory capabilities for periodic 
verification c£ calibration, performance, and measurement 
data. 


Thaso recommendations ter backup cr redundant 
instrumentation arc the minimum requirements for effective 
continuous c p.e rat ions. 


STAFF TAPIS 


A spar 3 parts inventory of the centre! and mcnitcLinq 
system hardware shall br maintained. The fcllcwirq minimum 
quantities of spares should be kept in stock. 

1. Spare panel meters with percent-f ull-sca 1-: faces 
shall be kept in inventory tc represent 5 to 1C percent cr 
the total number of meters in use. 

?. Analcq controllers (three mode) shall be spared at 
a level cf 1C percent. 

3. One three-p j n strip-chart recorder should le kept 
as a snare for ev c ry five used in th- a control center. 

4. Multipoint. temperature indicators shall te installed 
redundantly. he sparing is required. 

5. Discrete indicators (alarms and lights) shall be 
spared at a 1C-percent level. 

6. Ten tc twenty percent spares or at least one of each 
typo ot pluq-ir circuit board for all field -r c pi acea b 1 e 
digital hardware shall be required tc be kept ir stcck. 

Installation ot these tyoes of spares can be performed 
as a part ot the normal outics cf the operator. 
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CCNTBOL CENTER DISPLAY 


The ccntrcl center shall contain sufficient 'anelboard 
space tor the display cf the sensed measurements and their 
associated contrcllers. The control center shall prcvid- 3 
display fee as many as 150 temperature measurements. No 
more than two ct these measurements need be displayed 
simultaneously. Selection of the particular temperature 
measurements tc be displayed shall be made from the ccntrol 
panel. Temperature measurements that are ccntinucusly 
displayed cn indicatinq ecntrollers shall alsc te included 
redundantly cn the selectable display. 

Pressure, flew, and level indications shall be 
displayed on individual panel meters or on indicating 
contrcllers. Panel space shall be allccated for as many as 
12C such meters. 

Individual discrete measurements (on/off, high/lcw) 
shall be indicated on dedicated control panel lights, 
contrcllers, and alarms. The changing status or alarm 
condition shall be reccqnizable from the operator's station. 
An acknowledgment cf an alarm or a discr c + e-level change 
shall be initiated by the operator by push’.-utten cr keyboard 
control. Panel spac* for 5C such discrete indicators shall 
te included in the control center. 

Analog controllers with indicatinq meters and discrete 
lights shall be a part of th» ccntrol center equipment. 

Panel space shall be reserved for as many as 10C 
controllers. As pointed out previously, these controllers 
will delete the necessity of some of the panel meters and 
discrete lights mentioned earlier. 

Diqital-supetvisor-process^d data (data processed by 
the computer system) shall be displayed on a computer- 
output-coippat it le electronic display screen. Ccntrcl center 
space allocation fer a single such device is required. 

Format selection by alphanumeric or functional keyboard will 
allow multiple usage in various operational medes. 

Tho arrangement of these display meters, indicators, 
and ecntrollers cn the control panel shall be organized such 
that related components ct subsystems of the M1US hardware 
can be monitored by observing a certain section of the 
ccntrcl panel rather than the entire panel. 
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APMTNI. TPATI VE SUPPORT 


The diqital supervisory equipment shall support the 
project management in performing the ad mini strati ve duties 
pertaining tc logistics, payroll, rental availali 1 it y , ani 
similar factors that promote more economical operation ct 
the overall project. The computer system shall contain 
auxiliary iremcty and programs that support, the consumables 
usage and re-cider effort for fuel, oil, treatment chemicals, 
and filters. The relative values of enerqy generated in the 
form or electricity and heat/cooling and the value of 
water/waste- treatment process operation ii as eppesed to fuel 
consumption shall be commuted regularly. The additional 
equipment required tc cerform these specified functions is 
not extensive in that only additional memory modules ate 
necessary to allow the computations tc be run concurrently 
with the rettrai operations ot the control system. 


DFV^iCr^2NT_PIi)UIFi;^lNTS 


f FCfiNGLOGY ADVANCTMtNT 


Th® results cf the initial survey of control and 
monitoring ttchniaue? applicable to the MIUS have revealed 
only one major hardware development requirement: the 

au'-omatic monitoring of water and waste treatment processes. 
Organic, chemical, and biological measuring t. eenniques 
require slew, detailed analysis procedures that are not 
readily adaptable to automation because results are net 
obtainable for as long as 5 days after sarn •Ice are taken. 
Pence, electronic techniques of detecting and analyzing the 
constituents cf processed water and treated waste effluent 
need to be pursued. There are several candidate ccrcepts 
that provide a technology baseline for the effort. 

Con. puter modeling of M IU G subsystems stands cut 
signiticantly as required solcware development. The 
algorithms development for applications proqrams require! to 
operate the MIPS must pace th® hardware production schedule. 
Orly through a modeling effort cart th® various expected 
subsystem configurations be analyzed .in minimal i me and a * 
minimal expense such that the development cf the algorithms 
can proceed. 


These items cf controi/monitoring technology are 
suggested as fiscal-year 1974 hudqet items and ate a part of 
the overall MIPS development program. 
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LAPCFATOR Y EVALUATIONS 


Many of the cent ccl/mcnitcring system integration 
problems that are directly related tc the integration cf 
other RIOS subsystems will he resolved during the RIOS 
integration and subsystem tests (RIST) development program. 
The use cf the MIST as a tool tor furthering concepts of 
systems integration will especially enhance the 
ccntrcl/ircnitcrinq techniques development. 


SOCLUSICjlS 


In keeping with the HUD directive for use cf articles 
cf commerce in thr development of the MIUS design, «-his 
survey has shewn that a vide ranqe of capabilities exists 
that will provide tho Mius i. ccntrcl/rcnitcring system tor 
which eauipment. for sensiny, actuation, lccal and remete 
ccntrcl, processing, and display exist as of f-the-shalf 
hardware. Enhanced, more automatic operation of water and 
liquid-waste treatment processes seems achievable with a 
concentrated development cf b ic logical cr bacterial sensors. 
The monitorinq and control techniques for other subsystems 
have been well demonstrated in operational systems 
thrcuohcut the Unitel States. 

Pasclire systems for the RIOS control and monitorinq 
equipment have been selected for the purposes of minimizing 
operator personnel and optimizing perf crirarce . Techniques 
employed in everyday usage in refineries, petrochemical 
processing plants, and utilities installations have been 
combined and specifically tailored to meet the RlliS 
applications. 


Lyndon B. Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas, April 12, 1974 
388-01-00-00-72 
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Figure 3.- Block diagram of San Antonie water distribution control system. 
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Figure U.- Block diagram of the Disneyvorld automatic control and monitoring system 








Figure 5*- Block diagram of the MIUS control and monitoring system. 












